Objective: To evaluate the association between comorbidity and relapse rate in individuals with multiple sclerosis (MS).
comorbidities and MS relapses but studies have been limited. Among people with MS recruited through social media who responded to an online questionnaire, those who had 3 or more comorbidities had 2-fold increased odds of reporting a relapse as compared to those reporting no comorbidities. 9 Hyperlipidemia was not associated with MS relapse risk in 2 Australian studies, 10, 11 but was associated with gadolinium-enhancing lesions, a biomarker of disease activity. 4 Rheumatoid arthritis and anemia were associated with a 2-to 3-fold increased risk of relapse in a cohort of 198 participants with MS. 11 We aimed to evaluate the association between comorbidity and the risk of relapse in a prospective, multicenter study. We hypothesized that vascular comorbidities (diabetes, hypertension, and hyperlipidemia) would be associated with a higher risk of future relapse, compared to no vascular comorbidity.
METHODS Study population. Between July 2010 and
March 2011, patients with MS attending a routine MS clinic visit at 1 of 4 MS clinics in the Canadian provinces of Nova Scotia, Manitoba, Alberta, or British Columbia were recruited. 5 Patients were invited to participate in a 2-year prospective cohort study, which involved cross-sectional assessments at 3 time points (coinciding with clinic visits): baseline and at years 1 and 2. To maximize follow-up, participants unable to attend their annual MS clinic visit were offered follow-up questionnaires via telephone, mail, or e-mail. Inclusion criteria included a diagnosis of definite MS according to the predominant diagnostic criteria at the time of diagnosis, [12] [13] [14] [15] age $18 years, fluent in English, resident in the province where data collection was occurring, and ability to provide informed consent. Type of clinical course was not an inclusion criterion for the primary study. We restricted the present analyses to those with a relapsing-onset disease course at baseline (relapsing-remitting MS [ 
RRMS], secondary progressive MS [SPMS], or clinically isolated syndrome [CIS]).
Standard protocol approvals, registrations, and patient consents. In each province, we obtained ethics approval and participant consent.
Clinical and demographic information. All data in this study were captured from the medical record or self-report measures. Information collected from each participant's medical record (which was recorded by the attending neurologist) using a standardized data collection form included study site, date of birth, sex, highest education level achieved, race, date of MS onset, MS clinical course (RRMS, SPMS, primary progressive MS [PPMS], or CIS), Expanded Disability Status Score (EDSS), and current disease-modifying therapy (DMT) use (current yes vs no; if yes, DMT product). All information was recorded on the day of study recruitment (baseline) and the latter 3 clinical characteristics were also collected at each follow-up visit from the medical chart, as recorded by the attending neurologist. Relapses since the last visit were recorded in the clinic chart by the attending neurologist at each clinic visit throughout the study; neurologists were not advised to adhere to a study-specific relapse definition.
Self-reported measures. Participants completed validated questionnaires 16, 17 at baseline and at years 1 and 2. Comorbidities were assessed using the question "Have you ever been diagnosed with the following condition by a physician?" 16 The conditions were chronic obstructive pulmonary disease, hyperlipidemia, hypertension, migraine, irritable bowel syndrome, inflammatory bowel disease, thyroid disease, osteoporosis, cataracts, diabetes mellitus, rheumatoid arthritis, fibromyalgia, heart disease, glaucoma, peripheral vascular disease, seizure disorder, and systemic lupus erythematosus. Participants also completed the Hospital Anxiety and Depression Scale (HADS), which assesses the severity of depression and anxiety over the previous week. A cutoff score of $8 on the HADS was used to classify the presence of depression or anxiety; as compared to a structured clinical interview, this threshold was previously found to be 90% sensitive and 87.3% specific in identifying depression, and 73.2% sensitive and 84.8% specific in identifying anxiety in MS. 17 Operationalization of anxiety and depression using current symptom severity in this manner was considered more relevant to relapse risk at follow-up than past diagnoses of depression and anxiety given that these conditions can remit, and that depression and anxiety are often underdiagnosed and undertreated in MS. Specific comorbidities of interest for this analysis were diabetes, hypertension, hyperlipidemia, migraine, depression, and anxiety. These comorbidities were selected because they can be accurately captured by selfreport, 16 they occurred sufficiently frequently in the cohort (.10% affected) for meaningful analysis, and owing to their established high prevalence in the MS population; prior studies have reported that they are associated with relapses 10, 11 or disability progression. 2 Five of these conditions were recently identified as the most relevant comorbidities to study with respect to MS outcomes. 18 Statistical analysis. Categorical variables were described as frequencies (%) and continuous variables were described using mean (SD) or median (interquartile range [IQR] ). Missing data were reported but not imputed. The relapse count in the year preceding baseline and the number of relapses over the follow-up period were summarized. Comorbidity status was described as (1) presence of a specific condition and (2) a count of comorbidities; the latter was included for comparison with prior work, 9 and achieved a balanced distribution of the sample population. All comorbidities, whether defined as physiciandiagnosed or on the basis of the HADS, were included in the comorbidity count. We compared individuals with no relapse during the follow-up period and those with $1 relapses during the follow-up period with respect to demographic and clinical characteristics including comorbidity status using Pearson x 2 test, Fisher exact test, Student t test, or Mann-Whitney U test, as appropriate.
The association between the presence of comorbidity at enrollment (baseline) and the relapse rate over the follow-up period was examined using multivariable Poisson regression; annualized relapse rate is a common outcome in trials of the DMTs. The assumptions of the Poisson regression model were tested and met; there was no evidence of overdispersion as assessed by the deviance statistic divided by its degrees of freedom. To more accurately consider the follow-up time per participant, the log of follow-up time in days was included as an offset. We only considered baseline comorbidity status because the incidence of specific comorbidities was low over the 2-year follow-up period. Baseline comorbidities were included in the models as binary variables (yes or no). Covariates assessed at baseline included age (continuous), sex, disability status, DMT status (current, yes vs no), and number of relapses (continuous) in the previous year. These covariates were included either for clinical relevance (e.g., current DMT or sex) or on the basis of their association with the outcome from the baseline analysis. We repeated the regression analyses restricting them to participants with RRMS or CIS disease courses at baseline, as participants with SPMS would be expected to have fewer relapses. We report rate ratios (RRs) and 95% confidence intervals (CIs) for the associations.
Statistical significance was defined as p , 0.05. The p values were not corrected for multiple comparisons. All analyses were performed using SPSS 22.0 (SPSS, Inc., Chicago, IL).
RESULTS Of 1,632 individuals who visited 1 of the 4 MS clinics between July 2010 and March 2011, 1,139 patients met the inclusion criteria for the primary study and were approached. Of these, 949 (82.6%) consented to participate. Of the 949 participants, 885 (93.3%) patients had a relapsing-onset disease course and were included in the present analyses. Overall, 93.7% of participants in the present analyses completed 2 years of follow-up, with an average (SD) follow-up time of 2.0 (0.24) years. Participants included in the present analyses (n 5 885) did not differ from those excluded (n 5 64) based on race, MS disease duration, baseline comorbidity count, or education level (all p . 0.1). As we excluded participants with a baseline PPMS course, sex (p 5 0.004), age (p , 0.0001), age at MS onset (p , 0.0001), EDSS (p , 0.001), and current DMT use (p , 0.0001) differed between those included and excluded.
Most The number of participants experiencing relapses over the 3 assessments remained constant. Among the 874 participants with relapse information available, 115 (13.2%) experienced $1 relapse in the year preceding the baseline visit, 14.9% (122/821) in the first year, and 13.2% (103/780) in the second year. Of the participants with a relapse over the 2-year follow-up, the median number of relapses experienced was 1 (IQR 1.0-2.0), with most having had 1 relapse (119/178 [66.9%]), and the remainder having either 2 (48/178 [26.9%]) or $3 relapses (11/ 178 [6.2%]). During the 2-year follow-up period, those who experienced a relapse were younger, had a lower EDSS, and were more likely to have had a relapse in the year before baseline than those who had not (table 2) .
Participants who reported $3 comorbidities at baseline had a higher relapse rate over the follow-up period, when adjusting for baseline covariates (adjusted RR 1.45, 95% CI 1.00-2.08, model 1; table 3). Migraine was also associated with increased relapse rate, a finding that remained after adjustment for the baseline covariates, including age, sex, disease duration, EDSS, DMT use, and relapse history (adjusted RR 1.38, 95% CI 1.01-1.89, model 2; table 3).
Patients with hypertension had a lower relapse rate compared to those with no hypertension (crude RR 0.60, 95% CI 0.40-0.90), but this association disappeared upon adjustment for age, indicating the crude protective association of hypertension was confounded by age (table 3) . Hyperlipidemia and relapse rate were associated, when adjusting for age and other baseline covariates including DMT use and relapse history (RR 1.67, 95% CI 1.07-2.61). After excluding participants with SPMS, the magnitude and direction of the associations were comparable to those observed in the full relapsing onset cohort, but CIs were broader in this smaller cohort (table e-2). DISCUSSION We investigated the association between baseline comorbidity status and the relapse rate in a prospective, multicenter study of individuals with MS. We found an association between the presence of 3 or more comorbidities at baseline and an increased relapse rate over the next 2 years, compared to those with no comorbidity. One other study exploring the burden of comorbidity as a count also reported an elevated risk of relapse associated with 3 or more comorbidities (compared to none), albeit with a larger risk estimate relative to our study (odds ratio 2.60, 95% CI 1.56-4.31). 9 However, that study Table 2 Examination of baseline variables on the presence of relapses during the 2-year study period in the relapsing-onset multiple sclerosis study participants was essentially cross-sectional in design, with both comorbidity and relapse information collected at the same time. Further, all individuals were recruited via social media and all clinical data, including relapses, were self-reported through online questionnaires. 9 In our study, relapses were confirmed by an MS specialist neurologist, as was the diagnosis of MS in individuals attending an MS clinic. The authors also reported a similar magnitude for the association between an increase in the number of comorbidities with more severe disability. 9 A 2017 retrospective electronic medical record review investigating the influence of diabetes, hypertension, hyperlipidemia, and obstructive lung disease on MS disease course reported those with more than 3 comorbidities walked slower and performed worse on patientreported outcomes compared to those with none of these comorbidities. 19 We also found that specific comorbidities, including migraine, were associated with an increased relapse rate. Migraine is more common in individuals with MS than in individuals without MS 20 and is frequent during MS relapses. 21 A retrospective chart review of 1,113 Canadians with a discharge diagnosis of MS or followed at an MS clinic found 26 individuals presented with a vascular headache of migraine type during a relapse. 21 Many of these individuals reported that the migraine preceded the relapse by hours or days. 21 However, most of the participants were not established migraineurs, and thus the authors proposed the MS relapse mediated the release of vasoactive amines, bradykinin, and adenosine triphosphate that subsequently led to the migraine attack. However, elevated levels of the inflammatory marker C-reactive protein have been associated with migraine in a non-MS cohort 22 and with MS relapse. 23 Thus, it may be that the release of inflammatory and vasoactive compounds during a migraine can also trigger relapses, and account for the association of migraine and relapse found in our study.
In addition to migraine, hyperlipidemia was also specifically associated with an increased relapse rate in our cohort. Two previous studies found no association between hyperlipidemia and the hazard of relapse, although both included fewer than 200 participants, possibly limiting their power to detect an effect. 10, 11 The 2 studies also employed different measures for comorbidity: self-reported hyperlipidemia vs serum lipid and apolipoprotein levels.
10,11 A study of 492 patients with MS assessing serum lipid profiles with disability and MRI outcomes found that higher levels of triglycerides, low-density lipoproteins, and cholesterol were all associated with greater worsening on EDSS over the 2-year follow-up period. 4 In addition, the authors reported higher triglyceride levels were associated with increases in 2 measures of MS disease activity: gadolinium-enhancing lesions and gadolinium-enhancing lesion volume. 4 This previous study did not distinguish between lesions related to hyperlipidemia or to MS, although they hypothesized Table 3 Association that hyperlipidemia increases the risk of gadoliniumenhancing lesions by increasing the recruitment of leukocytes, risk of hypoperfusion, and endothelial dysfunction within the vascular endothelium at the blood-brain barrier. 4 Age was a highly relevant factor in our study of the association between comorbidities and relapse, and highlights the complexity of the associations being evaluated (figure e-1) . First, MS relapse rates decline with increasing age, therefore younger individuals tend to have more relapses than older individuals. 24 Second, older individuals have an increased risk of vascular comorbidities, such as hypertension, hyperlipidemia, and diabetes, as well as for comorbidity in general. 25 Beyond a theoretical basis for confounding by age, there was also evidence of confounding by the change in risk estimate for comorbidities following adjustment for age in our regression models. Hyperlipidemia and hypertension are more common in older adults; therefore the crude RR reflected an intermixing of the risk-elevating effect of comorbidity and the risk-lowering effect of older age. After adjusting for age, RRs were significantly elevated, indicating an independent association between these comorbidities and relapse rate.
Strengths of this study include the prospective, longitudinal design, and involvement of multiple sites to generate a relatively large sample, representative of the Canadian clinic-attending MS population. 26, 27 The use of a questionnaire to assess comorbidities that has been previously validated in an MS population, 16 a comparative follow-up time, 10, 11 and the assessment of relapses by neurologists were additional strengths. This study further highlights the potential importance of identifying and controlling comorbidities in MS, but should not be interpreted to mean that treating specific comorbidities, such as migraines or hyperlipidemia, will lead to a reduction in future relapses. Future investigations should evaluate whether treatment of comorbidity affects relapse rates. However, this study also had limitations. First, we were unable to explore the effects of all comorbidities on relapse risk due to the low prevalence in our population, nor could we distinguish between subtypes of comorbidities, such as type 1 vs type 2 diabetes. Second, unmeasured factors such as vitamin D status and use of corticosteroids could have confounded the observed associations. While body mass index has been associated with the risk of developing MS and of comorbidities, previous studies demonstrated that body mass index is not associated with relapses, 10 nor did it confound the association between comorbidities and relapse risk in another study. 9 Third, the point estimates were not high, and the lower bound for some of the CIs included 1, suggesting the estimates are too imprecise to rule out a trivial effect at the 95% confidence level. Fourth, as this was an observational study, it was potentially susceptible to bias, including possible selection, information, or surveillance biases. Potential participants who chose not to participate may have differed from those who chose to participate in meaningful ways, although our high participation rate (82.6%) reduces this risk. Participants who self-reported comorbidities may be more likely to report relapses to their neurologist. However, the finite duration of the study and consistent assessment schedule for participants over the study period reduces the likelihood of surveillance bias. Relapses were recorded by neurologists specializing in MS, but misclassification due to pseudorelapses, minor cerebrovascular events, and other conditions that can mimic an MS relapse could still occur. Self-reported comorbidities are susceptible to misclassification as well, but we focused on conditions that can be accurately self-reported, 16 and expect that the misclassification of comorbidities themselves would be nondifferential. Future prospective studies assessing the risk of relapse in MS that employ additional laboratory measures of comorbidity such as serum lipid levels, rely on formal diagnostic criteria for comorbidity where available, such as the International Classification of Headache Disorders criteria, and capture details regarding treatment status are needed. Finally, some comorbidities may affect adherence to DMT, and poor adherence may confound our findings; this should be addressed in future studies.
We found that individuals with MS and multiple comorbidities and specific comorbidities (migraine or hyperlipidemia) had an increased relapse rate over the subsequent 2 years. These findings were independent of the effects of age and sex. Many of the comorbidities studied here can be managed either pharmacologically or with lifestyle interventions. Our findings raise future areas for research, including whether individuals with specific comorbidities such as migraine or hyperlipidemia should be treated more aggressively or differently from individuals without these conditions.
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